Internationally, the debate on aims for occupational health policy is expanding its horizons. Included among the issues are not only concerns about safety for workers, but also for their progeny. Equality among the sexes is also assuming a prominent position.
In several countries, existing and proposed legislation already considers these matters. In the course of this article it is argued that this legislation and its implementation are inadequate. There are several reasons for this. Firstly, what constitutes health risks for workers exposed to chemical substances is subject to different interpretations. This is further complicated when one includes risks to reproductive function and to the progeny: the reproductive risks of toxicity. The different interpretations of the concepts of safety and equality are also discussed. There are differences in regulations and in standards about whether or not safety factors should be used when knowledge is uncertain. The operation of reasonable measures with a generic or sex specific policy also differs. Secondly, the current occupational exposure limits are set too high. These aspects are considered and it is probable that the policy aims should be made more specific. An elaborated approach that includes the "precautionary principle" in safety standards is proposed. To advise employers in their role as managers of reproductive risks of toxicity, a recently developed system for occupational health and safety services is described. This system is based on two criteria: effectiveness and reasonableness of proposed measures. The effectiveness criterion includes the precautionary principle; the reasonableness criterion includes equal rights and opportunities for men and women. Finally, a supportive governmental policy that is consistent with the most recent international developments is recommended. ( 4 We questioned whether existing and proposed national and international legislation incorporated the internationally intended aims "safety" and "equality" at an operational level-that is, at the level of working conditions and social policies in the companies. We studied three questions: (1) From the standpoint of both health and equal treatment, are current governmental policies adequate to assess and manage reproductive risks of toxicity? (2) From the perspective of the inter-national debates on safety and equality, are the governmental aims about the working environment adequately formulated? (3) How can insights gained from studying the first two questions be implemented at company level?
The concept "safety" is intended to be used in a broad sense, including health. The concept "health" will also be used. In fact, the concepts as used here-"safety", "health" and "health and safety"-are interchangeable.
The same can be seen in current governmental directives and legislation.
We firstly describe and discuss the current political aims, criteria, and policies on reproductive risks in the workplace. We illustrate this with Dutch examples, and with additional examples from other countries if they are better. Next, we propose a system to assess reproductive toxicity that can be applied by occupational health and safety services.
Finally, we give an outline of how a supportive governmental policy could be developed.
The current occupational health policy In The Netherlands, the Working Environment Act on occupational health, safety and wellbeing, was originally passed in 1980.5 With its more recent safety implementing orders,67 it obliges employers "to ensure the greatest possible degree of health and safety protection, and to promote the greatest possible attention to wellbeing in the light of the best existing principles of technology and the current state of occupational health care, ergonomics, and industrial sociology, unless this cannot reasonably be required".8 In the Dutch safety implementing order6 the definition of protection of health is further elaborated. It includes the reproductive functions and the potential progeny of employees. Two basic criteria are incorporated in the legislation, effectiveness in preventing health injury, and reasonableness of measures.9
The criterion of effectiveness with regard to the prevention of exposure to chemicals in the workplace means the use of occupational exposure limits (OELs 26 OELs was published. '3 As well as national standards, the Dutch safety implementing order mentions company specific OELs (often referred to as in house QELs). These in house OELs, which should take into consideration combined exposures, as well as characteristics of the population, must be set in individual companies. In house OELs must be equal to or lower-that is, safer-than national standards. In the absence of national standards and in house OELs, the exposure needs to be "as low as reasonably achievable".6 7 Reasonableness of measures is defined as technical, operational, and economic feasibility.'4 The criterion of reasonableness of measures is expressed in a prescribed strategy that consists of four levels of measures corresponding to a decreasing priority from one to four:
(1) source directed measures; (2) collective measures; (3) individual measures; and (4) personal protective equipment. If it is reasonably possible to manage risk, measures should be taken at the first level. If not, the employer may take supplementary measures at other levels.6 7 As well as the Working Environment Act, the Equal Treatment Act was implemented in The Netherlands. '5 16 This act prohibits a direct or indirect distinction between men and women unless protection to motherhood or pregnancy is required. These rules stem from those established in the Treaty of the United Nations that ban all discrimination against women. '7 18 Because of these sex specific risks the Dutch government recently published an order to protect pregnant and lactating women at the workplace. ' Our general proposal to reach those aims would be that (a) the occupational exposure limits should be adapted soon to the current knowledge about risks of reproductive toxicity, and that (b) the two extra levels of the order-that is, alternative safe tasks and paid leave-are used for both men and women who are in the fertile years.
Further, in all countries the aims safety and equality have been made operational in two separate laws. We find this a problem (see next section), and recommend that connections are made between the laws.
The concepts safety and equality The aims of occupational health policies have been phrased somewhat differently in several countries. Here we compare the Dutch interpretation with the concepts safety and equality and propose a more specific interpretation in view of recent international discussions.
THE CONCEPT OF SAFETY
In Dutch legislation within the context of occupational exposure to chemical substances, "health and safety protection" is intended to prevent health impairment as far as present knowledge allows. This can be concluded from the description of the MAC: an administrative value, to which-at its inception-as much as possible the principle is used that the concentration of the substance in the air at the workplace, according to the state of knowledge during the establishment of the standard, does not harm the health of the workers and their progeny.'2 The problem we consider centres around how and when the standards are set and how often they are revised. The MAC list does not mention the date when each standard was established. In fact, more than 75% of the present standards were established between 15 and 40 years ago, based, one presumes, on the state of knowledge at those times.
Perhaps, more importantly, in different areas of health protection the question when "safe" can be considered "safe enough" is approached differently. But how is equal treatment elaborated in Dutch legislation? The Dutch safety implementing order" prescribes uniformity in standards for men and women (sex neutral policy).
In contrast, the Equal Treatment Act and the United Nations antidiscrimination rules do make distinctions between the sexes: extra preventive measures for pregnant and lactating women (sex specific policy). Differentiation of risks between groups has been built in. How can we assess the use of each of those concepts and how can they be made more specific to make them operational?
Developments in thinking about equality and difference that stem from women's studies and policies can be helpful in reconsidering equality and equal treatment. Two traditions abound in women's studies and policies. In one tradition, equality is a goal in itself. As it must be pursued as something good, men and women should be treated as equals. In the other tradition, the emphasis is on the culture bound differences between men and women. The current dominance of men in society necessitates creation of conditions in which women and their qualities can be re-evaluated.36 37 The current Dutch policy on workplace exposure to potentially toxic substances shows elements from both traditions: on the one hand uniformity of standards, on the other hand specific notes for pregnant women in some of the current standards, and specific measures only for pregnant and lactating women. In our opinion, the ambivalence stems from a number of factors. Medical science and women's studies recognise biological, sex specific, differences between men and women. For both men and women, and their respective progeny, reproductive risks exist. In theory, some substances may be more harmful towards men, and others may be more harmful towards women. In practice, however, the current scientific literature on reproductive risks, which focuses mainly on the risks to the fetus during pregnancy, makes it seem as if women are more susceptible to risk than men. From that perspective, it is conceivable-but unjustifiable-to see women exclusively as a problem group. This misconception stems from a failure to distinguish between two types of risks: the direct risks to the workers, and the indirect risks through the workers to their progeny. The woman's alleged greater vulnerability vanishes largely when one makes this distinction. For this reason, authors from the United States argue for distinctions to be made in developmental disorders (to progeny through men or women) and in reproductive disorders (to men or women).
But even if reproductive health risks to both sexes are found, such as for lead, a sex specific focus is seen-that is, only the risks to or through women were indicated-the risks to or through men were neglected, according to a study by Paul Finally, it is conceivable that equal opportunities, translated as uniform measures, allow unsafe circumstances. For that reason, it is preferred that both aims, safety based on the precautionary principle, and equal rights and equal opportunities, are coupled in one legislation.
A new system to assess risks of reproductive toxicity To support changes of practices on the shop floor, so as to better include the specific concepts of safety and equality already discussed in the preceding section, we developed a system to help occupational health and safety services to assess risks of reproductive toxicity and to advise employers and employees on managing those risks. The system was developed and subsequently tested by 19 OHS services.39 Comments were incorporated into the final version.40 The system describes (a) aims and criteria, and (b) a proposed strategy.
AIMS AND CRITERIA
The system aims to prevent reproductive risks, taking equal rights and equal opportunities as a starting point. It includes the criteria, effectiveness with inclusion of the precautionary principle, and reasonableness with inclusion of equal rights and equal opportunities.
PROPOSED STRATEGY
The system includes a strategy to prevent risks of reproductive toxicity. The strategy consists of (a) a risk assessment protocol, comprising a toxicity assessment and an exposure assessment, and (b) a risk management protocol in the company.
In the next sections only two elements of the system are to be dealt with: the toxicity assessment protocol and the risk management protocol. The importance and the pitfalls of exposure assessment should, of course, be recognised.4142 These aspects are not specific to risks of reproductive toxicity. differences between species; differences within species; extrapolation from LEL to NEL; extrapolation for exposure time/day; compensation for the lack of data for two categories. S = sufficient; L = low; I = insufficient; LEL = lowest effect level; NEL = no effect level; HBR-OEL = health based recommended occupational exposure limit for reproductive effects.
Toxicity assessment protocol Toxicity assessment should be based on the current public international peer reviewed literature. Elsewhere a systematic method will be proposed in detail, the critical health based recommended OEL method, based on criteria of validity, verifiability, and practicability,43 is only summarised here. As a first step, human and animal studies must be distinguished, and clustered into four categories of effects. Those effects are: (a) the fertility and reproductive glands and hormones of the female, (b) pregnancy outcome through the female, (c) the fertility and reproductive glands and hormones of the male, and (d) pregnancy outcome through the male. In the category (b) the effects through lactation are included. The second step is the evaluation of the separate studies with newly developed assessment criteria. The quality of the study is valued as sufficient, low, or insufficient quality. Next, for each effect category an integrated appraisal of the evidence of reproductive toxicity is given for both the combined animal studies and for the combined human studies as sufficient, low, or insufficient evidence of reproductive toxicity. Finally, the data, effects and judgements about the level of evidence of risks of reproductive toxicity are represented in a profile. Annexed to the profile of reproductive toxicity a table can be made with further details about the selected studies. If the appraisal is sufficient, a quantitative appraisal about the NEL for risks of reproductive toxicity might be given. If a NEL for one effect category is lower than that for another, the lowest NEL will be used to draft-with a safety factor consisting of eight elements-a health based recommended OEL based on reproductive toxicity. As an example, the table shows the profile of reproductive toxicity of xylenes. If all data are judged as insufficient, no health based recommended OEL should be set. In those cases, and in all cases where no comprehensive toxicity assessment has been done, we propose a strategy departing from the current MAC-if available-by the use of a safety factor (SF), based on the precautionary principle. This leads to a precautionary OEL. Thus, a precautionary OEL equals 1/SF x MAC. To justify the proposal to use such a safety factor, we refer to Koeter44 who found in a study of 49 substances with extensive toxicity data that the reproductive toxicity was (one of) the critical effect(s) in 50% of the substances. Also, we refer to Londo45 who compared 42 substances from the current MAC list of which lowest effect levels for reproductive effects were available in a specified database, and lowest effect levels for at least one other organ system; reproductive effects were in 35 of those substances (one of) the critical effectss, and in only seven substances other effects were the critical effect.
Although the size of the safety factor is somewhat arbitrary, we propose a factor of 10 for several reasons (the factor 10 method). In Denmark, the exposure limit for pregnant women of organic solvents is 1/10 of the current OEL21; the same holds for Finland. 3 In several large national and multinational companies 1/10 of the current OEL is regarded in practice as the exposure limit for all workers (personal communication; Hamel A, OHS Services Shell Netherlands, Amsterdam 1992).46 Progeny are usually more susceptible to health impairment than the working population.
An alternative method to draft an exposure limit based on the precautionary principle, which refers not only to reproductive toxicity, is worked out in the accompanying article (the RTECS method).47 This method is a refinement of the factor 10 method, but is less extended than the comprehensive toxicity assessment method leading to a health based recommended OEL. Our method uses the database of the National Institute of Occupational Safety and Health Registry of Toxic Effects of Chemical Substances (RTECS). The OELs are developed, with the inhalatory animal reproductive toxicity data of the RTECS database combined with three safety factors, derived from Zielhuis and Van der Kreek. 48 The RTECS has a database consisting of 79 000 chemicals. Paul and Welch49 reported evidence of reproductive toxicity for 16% of those chemicals.
The health based recommended OEL or the precautionary OEL for reproduction constitutes the exposure limit. Management of the risk is required if in a specific working place the real or predicted exposure exceeds the exposure limit.
Most occupational health and safety services do not have enough expertise to conduct the comprehensive toxicity assessment summarised above. Therefore, we recommend that the toxicity assessment should be done by a central or national agency. In the near future our resources should be combined in an international agency.
We recommend that occupational health and safety services start the procedure for substances that are suspected of causing risks of reproductive toxicity. Substances should be placed on an unlimited list if they are put forward in the EU classification of reproductive toxicity, in other "policy sources", or in critical reviews of reproductive toxicity. Stijkel made the first effort to compile a list4O based on four reviews. [50] [51] [52] [53] In that study it was already indicated that these reviews were only a first step in the development of a list of chemicals that are involved in reproductive toxicity. It was recommended, then and now, that other critical reviews should be screened as well to supplement the list, especially recent reviews on risks to or through men. Also, two internationally authoritative policy sources with substances suspected of being reproductively toxic should be added: the German list of foetotoxic agents,54 and the Californian list containing substances that should be evaluated for their potential properties of reproductive toxicity55 (see accompanying article for more details47).
When chemical substances are on this unlimited list of reproductive toxicity, the national agency is consulted for a health based recommended OEL for reproduction. This list should be revised and supplemented regularly, according to new knowledge.
A precautionary OEL for reproduction should be given to: (a) substances on the list, judged for health based recommended OEL, where all evidence is judged to be insufficient for reproductive toxicity; (b) substances on the list, as long as no health based recommended OEL is available, for instance, because of the absence of a national or international agency; (c) substances not on the list. Figure 2 summarises the reproductive risk assessment strategy.
Protocol for risk management in a company If the real or predicted exposure in the workplace exceeds the exposure limit (health based recommended or precautionary OEL for reproduction), the six hierarchical levels of risk management should be examined. Again, according to the criterion of reasonableness with inclusion of equal rights and equal opportunities, they are: (1) source directed measures, (2) collective measures, (3) individual measures, (4) personal protective equipment, (5) alternative safe activities, and (6) paid leave. In several levels differentiation between groups is possible. Susceptible people or groups-pregnant and lactating women and both men and women who might eventually wish to have children-could be offered special protective measures such as ventilation devices, safe tasks, and extra personal protective equipment-for example, gloves.
The strong, and at the same time weak, spot of this management protocol is the elastic concept of reasonableness. Eventually, the interpretative space should probably be narrowed down in the light of equal rights and equal opportunities for both sexes. To date, only general rules can be set for several reasons, including big differences between the NELs for reproduction of men and women, the small size of susceptible groups, and considerable costs for lowering the exposure to the health based recommended OEL for reproduction. Therefore, we propose that employers make their choices about reproductive policy explicit in a public policy plan. One of the points of attention should concern the measures to be taken to compensate for the loss of work for the group at risk. Employers should develop consensus in the company about a tailor made strategy. If controversies about strategy in companies persist, it will then be necessary to call in outside mediators.
Discussion: supportive governmental policy The current policy does not sufficiently fulfil the intended double aims of "safety and equality", if interpreted as "safety based on the precautionary principle" and "equal rights and opportunities". We have proposed a system that accommodates those aims more satisfactorily. An inventory of present know- If our specific use of the interpretative space in the aims of safety and equality as elaborated in our system is broadly accepted, implementation of this system needs supportive governmental policy, as already indicated by the occupational health and safety services where the system was pretested.39 In those cases where data on reproductive toxicity are inadequate-which are many-and as long as no extensive assessment of toxicity has been done, we propose that the government adds an extra safety factor to the current standards, factor 10. This proposal can be carried out gradually, if necessary. We propose the following, phased, approach: Phase 1: limited policy for susceptible groupslowering the MAC by a factor of 10 10 for the substances on the unlimited list of reproductive toxicity for all workers, unless a new MAC is already set that takes into account the health based recommendedOEL of reproduction or unless the health based recommended OEL of reproduction is higher than the current MAC.
Phase 3: extensive policy for all workerslowering MACs by a factor of 10 for those substances with a MAC, but which are not on the unlimited reproduction toxicity list, unless a new MAC is already set that takes into account the health based recommendedOEL of reproduction or unless the health based recommendedOEL of reproduction is higher than the current MAC. This would be applicable for all workers.
Considering the international character of regulations and research concerning risks of reproductive toxicity, we hope that our proposals for risk assessment, management, and supportive governmental policy will contribute to the discussion in the EU and other countries. 
